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The use of solar panels on residential structures has been prevalent since the mid 1970’s and over the
decades their presence has become more pronounced and more valued. The creation of energy on-site
using clean methods for an individual is truly a remarkable feat. As solar panels become increasingly
common, so do the inherent issues and their supporting infrastructure. Of these issues a common
inconvenience is what owners are to do with extraneous energy. What this entails is that an owner
typically does not have means to store energy that is created in surplus, the resulting solution is the
power companies redirect the energy as they see fit and compensate the owner accordingly. This
paper will begin with the analysis of current residential solar systems and propose an alternate
solution for the redistribution of excess solar energy. The focus of the paper will be the perceived
effect, among homeowners, of having control over how excess energy is distributed.
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Introduction
The power grid and supporting infrastructure in the United States is changing. New ideas emerge
everyday with hopes of streamlining, combining, and improving the existing power grid. The current
system has several major flaws, but there is a social flaw that is of peak interest. There is a lack of
transparency on the distribution side of the system, which is particularly apparent to consumers. Most
people have little idea how much electricity they are using until they are presented with a bill. Nor do
most people know what proportion of their power was generated by nuclear, coal, gas or some form
of renewable energy, or what emissions were produced in the process (Economist 391). The existing
system, with a few critical changes, could alter this dynamic specifically in the renewable energy
sector. Key changes would allow homeowners to control their surplus energy and give them a more
defined breakdown of energy consumption, demands, and other key statistics. The homeowner is
subsequently enabled to have more control and have a more streamlined profile on the energy demand
and power grid. This paper will consist of two main sections, the literature review where current
research regarding the grid, storage, and incentives will be discussed as well as new research. This
research will focus on comparing the existing method of energy redistribution to a potential new
proposed method to determine which will more greatly serve their communities.
Electrical infrastructure and the design and connection of electrical elements to homes is undeniably
an important and prevalent system that affects billions of people every day. Its attributes impact
homeowners daily. On-site renewable energy for residential buildings is becoming more
commonplace and efficient, particularly photovoltaic cells or solar energy. Maintaining a secure and
affordable supply of energy remains an important aspect of the energy transition. Energy selfsufficiency is an environmental and political goal that requires technical solutions like long-term
storage for its actual implementation, the feasibility, and costs of implementation are still unclear

(Gsothel 2020). The goal of these photovoltaic cells is to ease the strain placed on the existing grid
system and reduce the net output required from local power plants which in wide effect will reduce
and mitigate the use of non-renewable energy sources. Grid-connected and fully electrified cases
remain substantially less expensive and are almost always less expensive than corresponding cases
that retain the use of fossil fuels for heating and transportation. For example, a power grid that is
aided by renewable energy sources has less demand from the original power plant than a traditional
grid which is solely supplied via a power plant. Thus, there is a clear case for full electrification
(Gsothel 2020). Two potential issues with implementing a system to address social flaws in the power
grid are the affordability of implementing solar and the social desire. Will homeowners be interested
in a new proposed system more than the existing? These costs and economic incentives are not the
focus of this paper but are vastly important and have been heavily researched. The following section
will address these various complexities including: the storage of solar energy, the existing and
potential grid systems, and a few key current economic incentives.

Literature Review
Storage of Solar Energy
Current solar systems cover a wide range of applications ranging from electrical loads of less than 1W
to loads of well over 100 MW (Sørensen). This demand for power and the fluctuation in its required
usage results in wasted energy or the need to store energy. The following factors need to be accounted
for when discussing the storage of solar energy: “Storage properties—high storage capacity, long
charge/discharge times, good partial-load feature, and acceptable round-trip efficiency. Financial
performance—low capital cost, easy to maintain, and environment-friendly. Other aspects—fast startup and response for load following” (Sørensen). These systems are more applicable to large scale grid
projects such as solar farms and utility scale solar operations. Alternatively, there is the idea of a
distributed solar power generation system. This type of system is for smaller developments such as a
community or a residence with renewable solar energy on-site. These systems, due to their smaller
scale, can be placed in conjunction with existing power supplies whether they are solar or not.
Compared to a utility-scale system, as mentioned previously, the generated electricity from distributed
systems is typically only used in areas local to the network rather than sold to electricity grids. The
storage of energy in these instances is much less desirable than it would be for a utility-scale system.
This is due to the amounts of energy that are lost in the charging and discharging phases of the various
storage systems. The only ideal option for storage of electricity in a distributed solar system is
rechargeable batteries. The other methods, listed below, result in larger storage capacity but ultimately
have an energy loss that is undesirable for such small systems. The main methods of storing solar
energy currently are:
“Electrical and magnetic forms: (i) Electrostatic energy storage (capacitors and supercapacitors); (ii)
Magnetic/current energy storage (superconducting magnetic energy storage)
Mechanical form: (i) Kinetic energy storage (flywheels); (ii) Potential energy storage (pumpedhydroelectric storage and compressed air energy storage (CAES))
Chemical form: (i) Electrochemical energy storage (conventional batteries such as lead-acid, nickel
metal hydride, lithium-ion, and flow batteries such as zinc bromine and vanadium redox); (ii)
Chemical energy storage (hydrogen, solar fuel)
Thermal form: (i) Cold and cryogenic energy storage (CES) (e.g., in solid and liquid materials); (ii)
Heat storage (sensible heat storage using, for example, solid and liquid materials; latent heat storage

using phase change materials); (iii) Thermochemical energy storage using heat of a reversible reaction
or sorption process (thermochemical energy storage may also be regarded as energy stored in the
chemical form); (iv) Combined TES (pumped thermal electricity storage (PTES))” (Sørensen).
The previous categorization is widely applied; however, at a more fundamental level, all energy
storage technologies can be categorized into two forms of kinetic and/or potential energy at different
scales. Another method of classification depends on the relationship between storage medium and
charging/discharging devices:
“Coupled energy storage: If the charging/discharging devices are fully integrated with the storage
medium, the technology is regarded as coupled.
Decoupled energy storage: If the storage medium can be fully separated from the
charging/discharging device, namely if the storage is in an independent container, the system is
decoupled energy storage technology” (Sørensen). The graphic below demonstrates various methods
of storing solar energy through their charging and discharging rate when related to the discharge time
to give a sense of efficiency amongst various storage options.”

(Sørensen).
Batteries have been found to be rather effective at storing excess solar electricity in previous studies
as is pointed out by Gupta, Rajat, Bruce-Konuah, Adorkor, & Howard, Alastair in their paper
regarding energy resiliency in dwellings. They conducted several studies, tests, and analysis in which
they determined the maximum storage required and or being used by rechargeable batteries
throughout the year in residential dwellings. Of their several tests the following indication was most

prevalent to the storage of solar energy. “The maximum state of charge of the batteries was
approximately 70%. Even with a maximum of 1.4 kWh, the averages of the amount of PV electricity
discharged from the batteries were low in both seasons. In the heating season, increase in selfconsumption was greater than in the non-heating season” (Gupta).

(Gupta).
This along with the additional data provided serves to indicate that the use of rechargeable batteries in
distributed solar systems could potentially be an effective strategy for dealing with excess electricity
generated through these means. However, this also would entail additional structuring, installation,
and maintenance costs for future systems, not to mention the retrofitting of all previous systems and

infrastructure where necessary. This process alone would require large scale analysis and
determinations regarding the storage demand and feasibility for each given occurrence.

Grid Systems
The alternative solution to excess solar energy is to keep the energy in constant use instead of storing
it, this is done by keeping the energy in the grid and doesn’t require the same battery and storage
infrastructure. Demand for energy has been skyrocketing over the previous decades due to growth in
global population, technology, and infrastructure. This has led to more construction of both renewable
and non-renewable sources to cope (Chaouki). This created concerns in energy infrastructure for both
capacity and environmental repercussions, “The need for the development and the integration of
super-efficient appliances in residential and commercial buildings are greater than ever. Residential
and commercial buildings will have an important role for the development and integration of energy
efficiency and renewable energy systems. The development of sustainable energy: renewable energy,
energy efficiency, and cleaner fossil-fuel technology is very important for achieving the sustainable
development goals” (Chaouki). The integration of renewable energy sources into residential
infrastructure can ease the use of fossil fuel plants and overall demand of the energy grid. The tables
below illustrate the capacity of grid tied PV cells as well as typical costs of energy.

(Chaouki).
Renewable solar energy that is directly tied to the grid has less associated costs per kwh than an
independent off the grid solar set-up. This can be attributed to the costs of installing batteries and
storage facilities as discussed previously. These costs of installing this infrastructure vs the cost of
using grid based solar are being weighed by home and business owners every day to determine which
one is the most effective for their needs and budget (Malaki). Now that the basic principles of the grid
system have been established, one can understand the current system for energy redistribution within
them. If a homeowner has installed solar or other renewable energy collection devices into its
electrical systems than those renewable sources will generate power. Once power is generated it will
either be used or transferred as many current systems do not have the capacity to store excess energy.
The transferred energy is then sent back out of those to transformers and powerlines and eventually to
substations where the power company will monitor this incoming energy. Once the energy is there it
is rerouted and sent with the additional power that was created through conventional means. The
resulting measure of power that a homeowner provides to the grid is measures and then given a set
rate compensated for the energy they provided. This in a sense is one of the first economic incentives
that solar can provide.

Economic Incentives
Solar has much to offer in terms of energy supply, environmental impacts, and reduced strain on
existing infrastructure. Despite the benefits, the costs of installing solar panels and the additional
infrastructure required can be quite daunting for a homeowner and it can be considered a serious
investment that may not be worth the initial costs to many. The United States government, as well as
leagues of other countries across the globe have begun to encourage the use of renewable energy. This
has been done through legal requirements as well as economic incentives. In recent years the adoption
and widespread use and promotion of financial incentives such as the Million Solar Roofs initiative
have encouraged and expanded the market of solar technologies. The U.S. Department of Energy

refers to a financial incentive as at least one of the following, “A transfer of economic resources by
the Government to the buyer or seller of a good or service that has the effect of reducing the price
paid, or, increasing the price received, respectively; Reducing the cost of production of the good or
service; or, Creating or expanding a market for producers” (Dept. of Energy). Most of these incentives
that have been implemented involve tax credits for homeowners who meet the requirements or offer
large corporations’ deductions and write-offs for incorporation of solar infrastructure. However the
future of these incentives is unclear as certain requirements and government implemented systems are
facing repeal or revision.

Methodology
The storage, grid dependent, and economic conditions of solar energy have been thoroughly flushed
out and largely inspected, and the results indicate that there are benefits to using solar energy in
residential settings. Of these potential benefits, the economic principles and incentives have already
been widely adopted and the installation of batteries into existing infrastructure could prove quite
costly and resource intensive. A potential solution to integrate and improve the desirability of solar
could be to create a system in which the consumer has more control and greater information regarding
their energy use. This idea will be the focus of the research provided.
This research will focus on comparing the existing method of energy redistribution to a new proposed
method to determine which will more greatly serve their communities. The systems are as follows:
Current system- any additional solar electricity that is produced from a residence is then rerouted to
power stations and the owner is compensated at a rate set by the power company.
Proposed System - any additional solar electricity that is produced from residence is diverted to other
facilities tied into the local power grid, these locations are determined by the owner and if priced it is
determined by the owner and the recipient.
It should be noted that there are additional technological and retrofitting costs associated with these
means that would need to be weighed and calculated. However, the purpose of this research is to
determine the which method better impact the communities in which they are serving.
An anonymous survey was distributed to homeowners via work, school, and personal emails that were
handed out to local homeowners. These homeowners were encouraged to share the surveys with
friends and colleagues to attain more responses. The survey contains nine questions as well as
background information with the intent to determine social incentives of two proposed solar energy
distribution systems. The first being the existing system where solar energy is sold back to energy
providers. The second is a potential new system where the owner may choose to sell, donate, or
distribute excess energy as they see fit. The survey and purpose of the study is not to determine how
said system would be installed, but rather if there is some level of social appeal to the proposed
system. The first section of the survey briefly explains these two methods and states the purpose of
the survey.
The rest of the survey is broken into two phases: Phase I and Phase II. Phase I is designed to gauge
the individual's understanding of solar energy initiatives and basic solar concepts to make sure that the
individual has a basic understanding of the concepts. If an individual does not demonstrate a basic
understanding their responses will be set aside compared to those who respond with some level of
existing knowledge. Phase II is the primary focus of this survey as it will discern an individual’s
response to the proposed system. The questions in this section will be formatted on a scale of

desirability (not desirable, desirable, more desirable) and will gauge the individual's outlook on the
proposed method. The questions are designed to avoid economic incentives, costs of storing power,
and traditional grid tie-ins to isolate the social component and compare the methods in terms of social
perception. The key questions of the survey are as follows:
• Are you aware that you can resell your surplus energy from renewable sources?
• Does more control over solar energy distribution in your community make solar power
desirable?
• Does more information regarding solar generation and energy consumption make solar
power desirable?
• Would additional control of where the excess energy ends up interest you?
The final question of the survey addresses the two methods the original and proposed in a direct
fashion asking individuals which method sounds more appealing based on the survey and provided
information as well as existing knowledge they may have. The final question will be evaluated and
counted to create a data set that will serve as a small sample of a random population's view of the
proposed method in comparison to the current method.

Results
The survey received thirty-three responses with respondents varying in their experience and
familiarity with solar energy. The survey found that of the respondents: 42.42% were somewhat
familiar, 30.30% were not so familiar, 6.06% were extremely familiar, 9.09% were very familiar and
12.2% were unfamiliar. This represents a random group of homeowners and given the spread of data
it can be addressed as a somewhat typical spread of experience. Of this spread over 90% of responses
indicated that there was interest in installing solar in their residences. Once more specific questions
were asked, the results began to shift, when asked about familiarity with the current grid and electrical
systems the responses showed that over 50% of respondents were unfamiliar with its systems and
functionality. Additionally, 51% of the respondents were unaware that excess renewable energy could
be resold to power companies for compensation. Over 57% of respondents said that more control and
information regarding renewable solar energy would make solar energy more desirable. When asked
about more control over where solar energy was used over 90% of responses indicated that more
control would interest them, however when asked which method sounded preferable: Method #1 - any
additional solar electricity that is produced from a residence is then rerouted to power stations and the
owner is compensated at a rate set by the power company or Method #2 - any additional solar
electricity that is produced from residence is diverted to other facilities tied into the local power grid,
these locations are determined by the owner and if priced it is determined by the owner and the
recipient. 62.50% of responses indicated that method #1 was more appealing.

Analysis
After viewing the results of the survey there are a few key takeaways. First, the average person is not
extremely well versed in the functionality of the electrical grid, only a small percentage being familiar
with its purpose. The survey did contain a brief introduction with some background information on
very basic functions to provide the respondents with some level of comprehension before taking the
survey so that they may be better informed in their decisions. This is not a substitute for a pre-existing
level of knowledge which the survey reflected with only around 15% feeling comfortable saying they
have a concrete level of familiarity with the subject matter. Had the entire group been more
knowledgeable about solar processes and grid functions results might have been different. The second
key takeaway from this process was that despite the mixed levels of knowledge and understanding a
vast majority of respondents were interested in installing solar energy in their home, in fact, it was
over 90% of responses. Additionally, almost the exact same number of responses stated that an
increased control in solar energy would interest them.
Despite the overwhelming demand for more control and information regarding solar energy when
respondents were confronted with the focus of this research; the choice of traditional resale of energy
to the grid or more personalized and controlled distribution of solar to the grid (Method #1 vs Method
#2) The responses indicated that option one - the more traditional method, was more appealing by
over 60%.
This suggests that people want to have a more efficient and streamlined system in which solar energy
can be combined with residences and the electrical grid. The survey also suggests that people are in

fact interested in installing solar to some degree by an overwhelming majority. These two takeaways
suggest that a solution to this problem would be well received however, it would not be the one that
was proposed in this survey. A different and more refined or altogether new concept of retaining and
transference of renewable energy generation altogether may be better received. This survey has
indicated that the desire and potential is there, but the proposed method is not the ideal solution for the
majority of respondents.

Conclusion
The research that was collected suggests that the traditional method of grid tied residential solar
systems is more appealing to consumers and thus serves the community better than the proposed
system. However, in coming to this conclusion the data demonstrated that further control over
conditions and resale as well as additional information are highly appealing to consumers. The
combination of these two results demonstrates that there is a desire for more independent control over
resale and other aspects of the redistribution of solar energy, but not in the capacity of the proposed
method. Solar energy has become a central component to renewable energy and the future of energy
demands around the world. The residential sector is no different, as technology becomes more and
more intelligent and efficient, the current system will undoubtedly be replaced. There is a demand for
such action to occur and around the globe people are working on solutions. From high-capacity
energy storage systems like batteries and flywheels to the integration of technologies and
communities to a “smart grid”, the use of renewable resources will only become more commonplace
and more important. The collection and streamlining of these processes and ideas will only grow as
the demand increases. The concept of changing how renewable resources in a residential setting are
used, captured, and monitored has shown some level of interest among consumers and as such the
future of these technologies will likely adapt to these demands. New solar technologies will create a
way for homeowners to have more control, greater influence and a clearer understanding of
information that will influence their investment into renewable solar energy solutions.
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